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(57) Abstract: 

PURPOSE: To provide a secondary air supplying con- 
trol device for an Internal combustion engine in wfiich a 
secondary air supplying means is controlled based on 
tlie activation of a catalyst device, tfie activation of ttie 
catalyst device can be judged accurately enougii, and 
the secondary air supplying rate is controlled always in 
a precise manner. 

CONSTITUTION: Signals are inputted from a front 
oxygen sensor 106 arranged on an inlet side of a cat- 
alytic converter rhodium 1 1 2 and a rear oxygen sensor 
107 arranged on an outlet side thereof. Activation of 
the catalytic converter rhodium is judged based on re- 
lation of the signals by means of a control device 111, 
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and operation of a secondary air supplying pump 110 
is controlled. It is thus possible to accurately obtain 
an activation timing of the catalytic converter rhodium 
11 2, to stop the pump 1 1 0 at a precise time and to sup- 
press wasteful operation of the pump with certainty. 
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CLAIMS 

[Claim(s)] 

[Claim 1]A catalyst device for exhaust air purification. 

A secondary air supply means for activating this catalyst device. 

An activation judging means which is a secondary air supply control device of an internal-combustion engine 
provided with the above, compares description of exhaust air by an entrance side and an outlet side of said 
catalyst device, and judges activation of said catalyst device is established. It constituted so that said 
secondary air supply means might be controlled by a decision result of this activation judging means. 

[Claim 2]A secondary air supply control device of an internal-combustion engine characterized by 
description of said exhaust air being an oxygen density in an invention of claim 1. 
[Claim 3]ln an invention of claim 2, a means to detect said oxygen density is the 1st and the 2nd oxygen 
sensor which were installed in an exhaust route of an entrance side of said catalyst device, and an outlet 
side, respectively, and said activation judging means, A secondary air supply control device of an internal- 
combustion engine constituting so that activation may be judged by correlation of an output of these [ 1st ] 
and the 2nd oxygen sensor. 

[Claim 4]An invention of claim 3 which is provided with the following and characterized by being constituted 
so that said correlation may be given with the output of this exclusive OR means. 

The said 1st, 1st [ which binary-ize an output of the 2nd oxygen sensor, respectively ], and 2nd binary-ized 
means. 

An exclusive OR means which considers an output of these [ 1st ] and the 2nd binary-ized means as the 1st 
and the 2nd input. 

[Claim 5]Said activation judging means is provided with a means to detect a start-up start time of an internal- 
combustion engine, in an invention of claim 1 , A secondary air supply control device of an internal- 
combustion engine constituting so that said secondary air supply means may be controlled to a halt 
condition when a decision result of said activation will be in an affirmation state after controlling said 
secondary air supply means from a start-up start time to an operating state. 

[Claim 6]A secondary air supply control device of an internal-combustion engine characterized by said 1st 
[ the ] and the 2nd oxygen sensor being oxygen sensors for functional diagnoses of said catalyst device in 
an invention of claim 3. 



[Claim 7]A car provided witli a secondary air supply control device of whicli internal-combustion engine 
according to claim 1 to 6. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]ln this invention, it has a catalyst device for exhaust gas purification, and secondary 
air is supplied at the time of engine start. 

Therefore, the device which promoted activation of the catalyst device is started, especially it is related with 
the secondary air supply control device of the suitable internal-combustion engine for the engine system for 
cars using a three-way catalytic converter. 

[0002] 

[Description of the Prior Art]ln order to exhibit the purification function (catalyst transformation efficiency) in 
which the catalyst device for emission gas purification (catalytic converter) is planned, it is necessary to 
maintain the minimum temperature (it is called catalytic activation temperature Tc) **** set up but, and. The 
temperature of this catalyst device is maintained at catalytic activation temperature Tc by the temperature of 
exhaust gas, after operation of an engine begins and time passes in a certain grade. 
[0003]However, at the time of engine start, the temperature of a catalyst device is low and required catalyst 
transformation efficiency cannot be acquired immediately after. Then, when such, air (it is called secondary 
air) is supplied during engine exhaust air, the unburnt glow gas (hydrocarbon) under exhaust air is burned 
by this, and catalytic activation temperature Tc is made to be obtained for a short time. 
[0004]By the way, in order to perform efficiently emission gas purification by such secondary air supply. 
Since it became conditions that the ratio of the non-combustion gas ingredient under exhaust air and this 
secondary air is 14.7 or more, he was trying to usually give a margin to the pump for secondary air supply 
supposing the quantity of the unburnt glow gas of a under [ this exhaust air ], so that sufficient quantity of 
secondary air can be supplied to it. 

[0005]However, since the air of quantity with a margin will be supplied regardless of the actually needed 
secondary air content in this case. Since useless air will be supplied and an air pump with big capacity is 
needed, there are problems, such as bringing about increase of cost or a mounting space. 
[0006]Then, for example in JP,56-23510,A. Form an air fuel ratio sensor in the secondary air supply port 
lower stream of an exhaust route, and it is indicating about the method of controlling a secondary air flow 
rate so that the air-fuel ratio in this portion is kept at 14.7, In JP,62-90919,U, the temperature of a catalyst 
device is detected, and if this detected temperature becomes beyond a predetermined temperature, it will 



indicate about the device which stops secondary air supply. 
[0007] 

[Problem(s) to be Solved by the lnvention]By the former method, consideration is not carried out among the 
above-mentioned conventional technologies about activation of the catalyst device by combustion of the 
unburnt glow gas within the catalyst device which is downstream from an air fuel ratio sensor, After a 
catalyst device is activated, there is a problem of a transformation efficiency fall of a catalyst with the 
secondary air which became superfluous, and in the device of the latter of another side and the above- 
mentioned conventional technologies. Neither influence by the temperature of exhaust gas nor consideration 
about a point which newly requires a temperature sensor was carried out, but there was a problem that the 
detection at the exact secondary air supply time was difficult, and became a cost hike. 
[0008]The purpose of this invention controls a secondary air supply means based on activation of a catalyst 
device, and activation of a catalyst device can judge it correctly enough at this time, and there is in providing 
the secondary air supply control device of the internal-combustion engine with which always exact 
secondary air supply control was obtained. 
[0009] 

[Means for Solving the Problem]Said purpose compares description of exhaust air by an entrance side and 
an outlet side of a catalyst device, establishes an activation judging means which judges activation of a 
catalyst device from this comparison result, and controls a secondary air supply means by a decision result 
of this activation judging means. 
[0010] 

[Functionjif the catalyst device is activated, the difference planned by the entrance side and outlet side at 
the description of exhaust air should appear. Then, since activation can be judged correctly and a secondary 
air supply means is controlled by this decision result by comparing the description of exhaust air by the 
entrance side and outlet side of these catalyst devices, exact secondary airflow rate control will be obtained. 

[0011] 

[ExamplejHereafter, the example of a graphic display explains the secondary air supply control device of the 
internal-combustion engine by this invention in detail. Drawing 1 is an example of the engine system for cars 
with which one example of this invention was applied. The heat type air meter 101 which 100 is an internal- 
combustion engine (engine) and measures the mass flow rate of suction air quantity to this in this drawing 1 , 
Suction air quantity. The throttle valve 102 to adjust and the angle signal of this throttle valve 102. The 
number of rotations at the time of the throttle valve opening sensor 103 to output and an idol. The pump 110 
for secondary air supply, etc. are formed in the idle speed control valve 104 to control, the fuel injection 
valve 105 which supplies fuel to an internal-combustion engine, the 108 or secondary crank angle degree 
sensor air supply cutoff valve 109 which detects the number of rotations of an internal-combustion engine, 
and it. 

[0012]Therefore, if the pump 110 operates, future air will be supplied to the secondary air supply port 1 14 
which is carrying out the opening into the exhaust pipe 1 13 via the cutoff valve 109, will blow off from here in 
the exhaust pipe 113, and will come to work as secondary air. And when the cutoff valve 109 has a function 
as a cross valve and it is controlled by the opened condition at this time, the pump 1 10 is made to open the 
secondary air supply port 1 14 for free passage, but in a cut off state, it operates so that the air supply port 



114 may be made to open for free passage in the atmosphere. 

[0013]Next, 1 1 1 is a combustion engine control device and Incorporates the signal from each sensor, These 
signals detect the operational status of an internal-combustion engine, the fuel quantity which an internal- 
combustion engine requires in the procedure beforehand defined according to these detection results is 
calculated, and it serves to carry out drive controlling of various kinds of actuators, such as the fuel injection 
valve 105. 

[0014]1 12 is a three way component catalyst (catalyst device), and serves to purify exhaust gas by oxidation 
reduction. And the front oxygen sensor (the 1st oxygen sensor) 106 is installed upstream of this three way 
component catalyst 1 12, It serves to detect the oxygen density in the exhaust gas in the entrance side of the 
three way component catalyst 112, similarly downstream the back oxygen sensor (the 2nd oxygen sensor) 
107 is installed, and it serves to detect the oxygen density in the exhaust gas in the outlet side of the three 
way component catalyst 112. And each output signal of these before oxygen sensor 106 and the back 
oxygen sensor 1 07 is incorporated into the control device 111. 

[0015] Drawing 2 is what showed the internal circuit block of the combustion engine control device 111, The 
signal from the various sensor in above-mentioned drawing 1 is inputted. The driver circuit 201 which serves 
to change a small signal into the Taishin item of an actuator drive, the input output circuit 202 which obtains 
the work which changes an input output signal into an analogue-to-digital signal so that digital data 
processing can be performed, the microcomputer which performs digital data processing, Or the arithmetic 
circuit 203 which holds the arithmetic circuit according to it, various kinds of constants and variables which 
are used also for data processing of this arithmetic circuit 203, And it comprises ROIVI204 which is a 
nonvolatile memory which stores an operation procedure, RAM205 which are volatile memories, the backup 
circuit 206 which holds the contents of RAM205 to it, etc. 

[0016]ln this example, as a signal inputted into the combustion engine control device 111, The detecting 
signal of the heat type air meter 101, and the detecting signal of the throttle valve opening sensor 103, As a 
signal which among each detecting signal of the front oxygen sensor 106 and the back oxygen sensor 107, 
and them are the detecting signal from the crank angle degree sensor 108, etc., and is outputted from the 
combustion engine control device 111, The driving signal of the fuel injection valve 105, an ignition-timing 
signal, the idle speed control signal over the idle speed control valve 104, There are a secondary air supply 
pump relay driving signal which controls operation and a stop of the pump 1 10, a cutoff valve driving signal 
which controls the secondary air supply cutoff valve 109 to it, etc. 

[0017] Drawing 3 is a characteristic figure showing the catalyst temperature of the three way component 
catalyst 1 12, and a relation with catalyst transformation efficiency, and it turns out that catalyst 
transformation efficiency changes rapidly before and behind catalytic activation temperature Tc so that 
clearly from this figure. 

[0018]Then, when an engine is started and the change of the output signal of the front oxygen sensor 106 
and the output signal of the back oxygen sensor 107 to change of the catalyst temperature of the three way 
component catalyst 112 is seen, using the pump 110, opening the cutoff valve 109, and supplying 
secondary air now, it comes to be shown in drawing 4 . Namely, after engine start, as shown in this drawing 
4, although catalyst temperature rises one by one. Until that temperature reaches catalytic activation 
temperature Tc at this time, If it becomes to correlation strong against change of the output signal of the 
front oxygen sensor 106 and the output signal of the back oxygen sensor 107 being seen more than this 



catalytic activation temperature Tc, correlation between the output signal of the front oxygen sensor 106 and 
the output signal of the back oxygen sensor 107 will be lost quicl<ly. 

[0019]This is because catalyst conversion with secondary air and unburnt glow gas will come to progress 
efficiently and an oxygen density will fail by the outlet side of the three way component catalyst 112 as a 
result, if the three way component catalyst 1 12 is activated. If it puts in another way and the three way 
component catalyst 1 12 will come to exhibit an original function, by the reducing action by the catalyst in the 
inside of it, or the oxidation. He is because the description of the exhaust gas in an outlet side differs from 
the description of the exhaust gas in an entrance side, and is trying to judge activation of a catalyst device in 
this invention by the difference between the description of the exhaust gas in the entrance side of this 
catalyst device, and the description of the exhaust gas in an outlet side. 

[00201 Drawing 5 is what showed the relation of the content (discharge HC) of the hydrocarbon in the inside 
of the exhaust gas in the outlet side of the three way component catalyst 112, and a secondary air content 
required for combustion of this, At the engine start-up time, since catalyst temperature is low immediately 
after t^, hydrocarbon is not purified within a catalyst but, for this reason, a lot of secondary air is required. 

However, since combustion of the hydrocarbon by a catalyst begins by the time of catalyst temperature 

rising and reaching catalytic activation temperature Tc after that, and the amount required of secondary air 
decreases and is carried out, Stop the pump 110 here, and close the cutoff valve 109, the air supply port 
1 14 is made to open for free passage in the atmosphere, and it turns out that combustion purification of 
hydrocarbon is attained only with the secondary air supply obtained by natural aspiration. 
[0021]Therefore, although the exact judgment of tg will be required the time of this catalyst reaching 

activation temperature Tc for the secondary air supply control with this pump. By this invention, since it is 
certainly detectable that could judge activation of the catalyst device correctly as mentioned above, and 
catalyst temperature reached catalytic activation temperature Tc, the pump 110 and the cutoff valve 109 are 
controlled by this decision result to the exact timing shown in this drawing 5 . 

[0022]For this reason, in the example shown in drawing 1 and drawing 2 , as the control device 1 1 1 is shown 
in drawing 6 , it incorporates the signal from the two oxygen sensors 106 and 107. That is, the signal from 
each sensor of the front oxygen sensor 106 and the back oxygen sensor 107 is incorporated via the zener 
diode 603 for excess voltage prevention, after passing along the first-order-lag filter which comprises the 
resistance 601 and the capacitor 602, respectively. 

[0023]ln this way, the incorporated signal is the arithmetic circuit 203 and digital filter processing is 
performed by the operation shown in the following several 1. 
[0024] 
[Equation 1] 

mi] 

0,ad(S)=-YTsT-- 0.(S) (iCl-l) 

0.ad(n) = WEIGHT. O^addi- l) + (i -WEIGHT) • 0,(a) (^1-2) 



[0025]This several 1 formula 1-1 shows filtering in contiguous areas, and the formula 1-2 shows filtering in 



the discrete region. WEIGHT in the formula 1-2 shows weighting by a weighted average efficiency. 
[0026] Drawing 7 is what showed the logic of the secondary air supply control management by the arithmetic 
circuit 203, and a crank angle degree signal, O2F, and of POS are the signals of the front oxygen 
sensor 106 and the back oxygen sensor 107 in this figure, respectively. 
ST shows the ON signal of the starter for engine start. 

Signal O2F from each oxygen sensor and O2R are first changed Into digital value by A/D(analog-to-dlgltal 
converter) 705 and 706, Subsequently, It is compared with threshold O2SL given from the threshold 
generation element 709 by the comparison elements 707 and 708, and is normalized. 
[0027]Next, since signal O2R from the back oxygen sensor 107 has a part for the transport lag within the 
catalyst of exhaust gas as compared with signal O2F from the front oxygen sensor 106, signal O2F from the 
front oxygen sensor 106 is delayed by this transport lag with the delay element 710. The time delay Tn at 
this time searches the table 704 with crank angle signal POS, and is found. In this way, the signal with which 
processed each signal O2F and O2R are inputted into the exclusive OR element 711, and a mutually related 
degree is expressed from this exclusive OR element 711 as a result, i.e., correlation signal EO2, is 
outputted. 

[0028IAIthough integration treatment of the correlation signal EO2 of the exclusive OR element 711 is 
carried out with the integral element 716, The limits of integration at this time are determined by reset-signal 
RESET generated in the definite angle SPOS of the degree of crank angle given from the comparison 
element 702, and This sake, It has the reference-value generation element 701 which generates the definite 
angle SPOSL, and the integral element 703, and these outputs are inputted into the above-mentioned 
comparison element 702. Although the limits of integration are decided to have described above with the 
degree of crank angle in this example, it may be made to become at fixed time set beforehand. 
[0029]lntegration signal SO2 which is an output of the integral element 716 is inputted into the comparison 
element 715, As compared with threshold CL given from the threshold generation element 714 here, it 
judges with the catalyst having been activated when exceeding threshold CL, The output signal of the 
comparison element 715 is supplied to the switch element 713, the output RELAY by this is intercepted, 
operation of the pump 1 10 is suspended, the cutoff valve 109 is closed simultaneously, and it controls in the 
state after t2, i.e., the secondary air supply state by natural aspiration, at the time of drawing 5 . 
[0030]On the other hand, although starting of the output RELAY by the switch element 713 in an engine start 
time is given by ON input of signal ST of the starter for engine start. In this example, the delay element 712 
is formed and the delay which is equivalent to the above-mentioned transport lag also about this signal ST is 
given. 

[0031]After starter signal ST for engine start which drawing 8 is a timing chart of the signal in each portion of 
drawing 7 , and is not illustrated turns on by time t^. The signal RELAY by the switch element 713 rises by 
time t^ after the time delay progress by the delay element 712, operation of the pump 110 begins, the cutoff 
valve 109 is opened, and secondary air supply carries out the start skirt, and At this time. Since secondary 
air is supplied from the pump 1 10 and hydrocarbon burns by this, the rise in heat of the three way 



component catalyst 112, i.e., activation, comes to be promoted. 

[0032] However, at tine start time, tine temperature of tine three way component catalyst 1 12 is low, and still 
close to ordinary temperature immediately after. Therefore, correlation with signal from the front oxygen 

sensor 106 and signal from the back oxygen sensor 107 appears strongly for a while after this time (like 

a graphic display). In order that the purification function by this catalyst may begin to work as the 
temperature of the three way component catalyst 112 rises soon although correlation signal EO^ which 

shows the same action is almost hardly generated, A difference appears in the action of signal O^F and 

signal O2R, correlation signal sometimes occurs in connection with this, and integration signal 

comes to increase little by little. 

[0033]And since most correlation of signal O2F and signal O2R will be lost like a graphic display if the three 
way component catalyst 112 is activated. Since the signal RELAY which the level of integration signal SO2 
increased rapidly, and the signal occurred from the comparison element 715 in time t2 in which it exceeded 

threshold CL, and was outputted from the switch element 713 by this falls, Since operation of the pump 110 
is suspended certainly In the place where this time t2l 12, i.e., a three way component catalyst, was 
activated, the cutoff valve 109 will be closed and operation of the pump 110 can be suspended to always 
exact timing, operation of a useless pump can be suppressed certainly. 

[0034]Next, drawing 9 explains other examples of this invention. The example of this drawing 9 is what 
applies a correlation coefficient calculation method and judged activation of the catalyst device, and signal 
O2F from each oxygen sensor and O2R are changed into digital value by A/D903 and 904 like the example 

of drawing 7 , respectively. And transport lag amendment is performed to signal O2F from the front oxygen 
sensor 106 with the lag unit 905. Too, like the example of drawing 7 , the time delay Tn at this time searches 
the table 902 with crank angle signal POS, and is found. 

[0035]906 is a correlation coefficient calculation element and calculates correlation of signal O^F from each 

oxygen sensor, and O2R by several 2 shown below. 

[0036] 
[Equation 2] 

<0, F(t) ■ O.R(t)>= J'_'^ F( t ) • 0. S< t + T)d t 

(S2- 1) 

1 ""^ 

<0,F(m) ■ 0,R(m)>=-^7-^-^-p7-^-^-j-2 F( n)-0, R(n +ra) 

f^2 -2) 



D= f {N) = T 



•(^2-3) 



[0037]ln this several 2, although the equation 2-1 is a formula in contiguous areas, since digital calculation 
processing is adopted as shown in drawing 2 , in this example, it calculates using the formula in the discrete 
region shown in the equation 2-2. And the calculation section D at this time is given with the function of the 
engine number of rotations N, as shown in the formula 2-3. 

For this reason, the table 901 is searched with crank angle signal POS, and it asks for it. 

[0038]ln this way, the correlation coefficient calculated with the correlation coefficient calculation element 
906, It is compared with threshold LC given from the threshold generation element 910 by the comparison 
element 909 like the example of drawing 7 after all, If threshold CL is exceeded, will judge with the catalyst 
having been activated, and the output signal of the comparison element 909 is supplied to the switch 
element 908, The output RELAY by this is intercepted, operation of the pump 1 10 is suspended, the cutoff 
valve 109 is closed simultaneously, and it controls in the state after i^, i.e., the secondary air supply state by 

natural aspiration, at the time of drawing 5 . 

[0039]On the other hand, although starting of the output RELAY by the switch element 908 in an engine start 
time is given by ON input of signal ST of the starter for engine start, Also in this example, delay equivalent to 
the above-mentioned transport lag is given about this signal ST as well as the example of drawing 7 with the 
delay element 907. 

[0040]Therefore, also according to the example of this drawing 9 , activation of the three way component 
catalyst 1 12 can be judged correctly, and the pump 1 10 for secondary air supply and exact control of the 
cutoff valve 1 09 can be obtained. 

[0041lNext, a flow chart explains operation of the above example in detail. First, drawing 10 is a general 
flowchart which shows operation of the example of drawing 7 , and judges whether the engine starter is 
turned on at Step 1201. And if turned on, a pump-on flag will be set to 1 at Step 1202. 
[0042]Hereafter, sequential execution of the processing from Step 1204 to Step 1211 is carried out. That is, 
the output voltage of each oxygen sensor of order is incorporated from A/D (Steps 1204 and 1205). Crank 
angle signal POS is incorporated (Step 1206), the time delay which should calculate engine number of 
rotations and should be given to the signal of a front oxygen sensor is calculated (Step 1207), and a signal is 
delayed (Step 1208). 

[0043]ln Step 1209, the exclusive OR of the signal processed from each oxygen sensor is taken. Perform 
integration between fixed crank angle degree hours at Step 1210, when this integrated result is below a 
predetermined value (threshold) at Step 1213, carry out the relay (pump relay) which controls the pump 110 
and the cutoff valve 109 by Step 1214 to one, but. since a starter is turned on at Step 1212 at this time ~ 
eye **** ~ a law ~ it is investigated whether ****** fixed time passed. This does not make one the pump 110 
for secondary air supply simultaneously with the function by the delay element 712 of drawing 7 . i.e., the 
engine start start by a starter, It is for making it delayed and making it one, and this time delay is given an 
engine temperature as a parameter by making engine number of rotations into a parameter like the example 
of drawing 7 . 

[0044]On the other hand, when it is judged that fixed time lapse has not been carried out at Step 1212, a 
pump relay is turned off at Step 1216 and processing is ended. When an integrated value is judged to be 
beyond a threshold at Step 1213, by Step 1215, a pump-on flag is set to 0, a pump relay is continuously 



turned off at Step 1216, and processing is ended. On the other hand, in this example. Step 1203 is formed, 
and thereby, unless a starter is again made one next, a pump relay was not controlled by one and has 
come. 

[0045]Next, drawing 1 1 is a general flow chart which shows operation of the example of drawing 9 . it only 
differs from the case of drawing 10 in that processing at Step 1308 is processing by the correlation 
coefficient calculation element 906 in drawing 9 , and since other processings are the same, detailed 
explanation is omitted. 

[0046]Although activation of a catalyst device is judged and he is trying to control secondary air supply by 
the above example appropriately, since time until a catalyst is activated has that degradation and relation, 
the grade of degradation of a catalyst can also be diagnosed by this time measurement. 
[0047]By the way, although existence of oxygen in the inside of exhaust gas is used in the above example 
as description of exhaust air by the entrance side and outlet side of a catalyst device which are used for the 
judgment of activation of the three way component catalyst 1 12, it may replace with this and existence of HC 
(hydrocarbon) and CO (carbon dioxide) may be used. 
[0048] 

[Effect of the Inventionjin this invention, the entrance side and outlet side of a catalyst device compare the 
description of exhaust air, and activation of the catalyst device was judged from this comparison result. 
Therefore, an always exact decision result can be obtained without being influenced by engine operational 
status etc., as a result, the stop control of the operation of the pump for secondary air supply can be 
certainly carried out to always exact timing, and useless operation can be suppressed. 

[0049]Activation of a catalyst device is judged and secondary air supply is controlled by this invention. 
Therefore, the capacity of the pump for secondary air supply can be reduced, and a miniaturization and a 
weight saving become possible, and reduction also of the cost can be carried out. 

[0050]According to this invention, it also becomes possible to consider it as the device which judged own 
activation and which was made intelligent with the catalyst device itself, and much more simplification of a 
system can be attained as an object for cars, etc. 
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TECHNICAL FIELD 

[Industrial ApplicationJIn this invention, it has a catalyst device for exhaust gas purification, and secondary 
air is supplied at the time of engine start. 

Therefore, the device which promoted activation of the catalyst device is started, especially it is related with 
the secondary air supply control device of the suitable internal-combustion engine for the engine system for 
cars using a three-way catalytic converter. 
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PRIOR ART 

[Description of the Prior Art]ln order to exhibit the purification function (catalyst transformation efficiency) in 
which the catalyst device for emission gas purification (catalytic converter) is planned, it is necessary to 
maintain the minimum temperature (it is called catalytic activation temperature Tc) **** set up but, and. The 
temperature of this catalyst device is maintained at catalytic activation temperature Tc by the temperature of 
exhaust gas, after operation of an engine begins and time passes in a certain grade. 
[0003]However, at the time of engine start, the temperature of a catalyst device is low and required catalyst 
transformation efficiency cannot be acquired immediately after. Then, when such, air (it is called secondary 
air) is supplied during engine exhaust air, the unburnt glow gas (hydrocarbon) under exhaust air is burned 
by this, and catalytic activation temperature Tc is made to be obtained for a short time. 
[0004]By the way, in order to perform efficiently emission gas purification by such secondary air supply. 
Since it became conditions that the ratio of the non-combustion gas ingredient under exhaust air and this 
secondary air is 14.7 or more, he was trying to usually give a margin to the pump for secondary air supply 
supposing the quantity of the unburnt glow gas of a under [ this exhaust air ], so that sufficient quantity of 
secondary air can be supplied to it. 

[0005] However, since the air of quantity with a margin will be supplied regardless of the actually needed 
secondary air content in this case. Since useless air will be supplied and an air pump with big capacity is 
needed, there are problems, such as bringing about increase of cost or a mounting space. 
[0006]Then, for example in JP,56-23510,A. Form an air fuel ratio sensor in the secondary air supply port 
lower stream of an exhaust route, and it is indicating about the method of controlling a secondary air flow 
rate so that the air-fuel ratio in this portion is kept at 14.7, In JP,62-90919,U, the temperature of a catalyst 
device is detected, and if this detected temperature becomes beyond a predetermined temperature, it will 
indicate about the device which stops secondary air supply. 
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EFFECT OF THE INVENTION 

[Effect of the lnvention]ln this Invention, the entrance side and outlet side of a catalyst device compare the 
description of exhaust air, and activation of the catalyst device was judged from this comparison result. 
Therefore, an always exact decision result can be obtained without being influenced by engine operational 
status etc., as a result, the stop control of the operation of the pump for secondary air supply can be 
certainly carried out to always exact timing, and useless operation can be suppressed. 

[0049]Activation of a catalyst device is judged and secondary air supply is controlled by this invention. 
Therefore, the capacity of the pump for secondary air supply can be reduced, and a miniaturization and a 
weight saving become possible, and reduction also of the cost can be carried out. 

[0050]According to this invention, it also becomes possible to consider it as the device which judged own 
activation and which was made intelligent with the catalyst device itself, and much more simplification of a 
system can be attained as an object for cars, etc. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the InventionJBy the former method, consideration is not carried out among the 
above-mentioned conventional technologies about activation of the catalyst device by combustion of the 
unburnt glow gas within the catalyst device which is downstream from an air fuel ratio sensor, After a 
catalyst device is activated, there is a problem of a transformation efficiency fall of a catalyst with the 
secondary air which became superfluous, and in the device of the latter of another side and the above- 
mentioned conventional technologies. Neither influence by the temperature of exhaust gas nor consideration 
about a point which newly requires a temperature sensor was carried out, but there was a problem that the 
detection at the exact secondary air supply time was difficult, and became a cost hike. 
[0008]The purpose of this invention controls a secondary air supply means based on activation of a catalyst 
device, and activation of a catalyst device can judge it correctly enough at this time, and there is in providing 
the secondary air supply control device of the internal-combustion engine with which always exact 
secondary air supply control was obtained. 
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MEANS 

[IVIeans for Solving the Problem]Said purpose compares description of exhaust air by an entrance side and 
an outlet side of a catalyst device, establishes an activation judging means which judges activation of a 
catalyst device from this comparison result, and controls a secondary air supply means by a decision result 
of this activation judging means. 



[Translation done.] 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this transiation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



OPERATION 

[FunGtion]lf the catalyst device is activated, the difference planned by the entrance side and outlet side at 
the description of exhaust air should appear. Then, since activation can be judged correctly and a secondary 
air supply means is controlled by this decision result by comparing the description of exhaust air by the 
entrance side and outlet side of these catalyst devices, exact secondary air flow rate control will be obtained. 
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EXAMPLE 

[Example]Hereafter, the example of a graphic display explains the secondary air supply control device of the 
internal-combustion engine by this invention in detail. Drawing 1 is an example of the engine system for cars 
with which one example of this invention was applied, The heat type air meter 101 which 100 is an internal- 
combustion engine (engine) and measures the mass flow rate of suction air quantity to this in this drawin g 1 , 
Suction air quantity. The throttle valve 102 to adjust and the angle signal of this throttle valve 102. The 
number of rotations at the time of the throttle valve opening sensor 103 to output and an idol. The pump 110 
for secondary air supply, etc. are formed in the idle speed control valve 104 to control, the fuel injection 
valve 105 which supplies fuel to an internal-combustion engine, the 108 or secondary crank angle degree 
sensor air supply cutoff valve 1 09 which detects the number of rotations of an internal-combustion engine, 
and it. 

[0012]Therefore, if the pump 110 operates, future air will be supplied to the secondary air supply port 114 
which is carrying out the opening into the exhaust pipe 1 13 via the cutoff valve 109, will blow off from here in 
the exhaust pipe 113, and will come to work as secondary air. And when the cutoff valve 109 has a function 
as a cross valve and it is controlled by the opened condition at this time, the pump 1 10 is made to open the 
secondary air supply port 1 14 for free passage, but in a cut off state, it operates so that the air supply port 
114 may be made to open for free passage in the atmosphere. 

[0013]Next, 111 is a combustion engine control device and incorporates the signal from each sensor. These 
signals detect the operational status of an internal-combustion engine, the fuel quantity which an internal- 
combustion engine requires in the procedure beforehand defined according to these detection results is 
calculated, and it serves to carry out drive controlling of various kinds of actuators, such as the fuel injection 
valve 105. 

[0014J1 12 is a three way component catalyst (catalyst device), and serves to purify exhaust gas by oxidation 
reduction. And the front oxygen sensor (the 1st oxygen sensor) 106 is installed upstream of this three way 
component catalyst 1 12, It serves to detect the oxygen density in the exhaust gas in the entrance side of the 
three way component catalyst 112, similarly downstream the back oxygen sensor (the 2nd oxygen sensor) 
107 is installed, and it serves to detect the oxygen density in the exhaust gas in the outlet side of the three 
way component catalyst 112. And each output signal of these before oxygen sensor 106 and the back 
oxygen sensor 107 is incorporated into the control device 111. 

[Q015] Drawing 2 is what showed the internal circuit block of the combustion engine control device 111, The 
signal from the various sensor in above-mentioned drawing 1 is inputted, The driver circuit 201 which serves 



to change a small signal into the Taishin item of an actuator drive, the input output circuit 202 which obtains 
the work which changes an input output signal into an analogue-to-digital signal so that digital data 
processing can be performed, the microcomputer which performs digital data processing, Or the arithmetic 
circuit 203 which holds the arithmetic circuit according to it, various kinds of constants and variables which 
are used also for data processing of this arithmetic circuit 203, And it comprises ROM204 which is a 
nonvolatile memory which stores an operation procedure, RAM205 which are volatile memories, the backup 
circuit 206 which holds the contents of RAM205 to it, etc. 

[0016]ln this example, as a signal inputted into the combustion engine control device 111, The detecting 
signal of the heat type air meter 1 01 , and the detecting signal of the throttle valve opening sensor 1 03, As a 
signal which among each detecting signal of the front oxygen sensor 106 and the back oxygen sensor 107, 
and them are the detecting signal from the crank angle degree sensor 108, etc., and is outputted from the 
combustion engine control device 111, The driving signal of the fuel injection valve 105, an ignition-timing 
signal, the idle speed control signal over the idle speed control valve 104, There are a secondary air supply 
pump relay driving signal which controls operation and a stop of the pump 110, a cutoff valve driving signal 
which controls the secondary air supply cutoff valve 109 to it, etc. 

f00171 Drawing 3 is a characteristic figure showing the catalyst temperature of the three way component 
catalyst 112, and a relation with catalyst transformation efficiency, and it turns out that catalyst 
transformation efficiency changes rapidly before and behind catalytic activation temperature Tc so that 
clearly from this figure. 

[0018]Then, when an engine is started and the change of the output signal of the front oxygen sensor 106 
and the output signal of the back oxygen sensor 107 to change of the catalyst temperature of the three way 
component catalyst 112 is seen, using the pump 110, opening the cutoff valve 109, and supplying 
secondary air now, it comes to be shown in drawing 4 . Namely, after engine start, as shown in this drawing 
4, although catalyst temperature rises one by one. Until that temperature reaches catalytic activation 
temperature Tc at this time. If it becomes to correlation strong against change of the output signal of the 
front oxygen sensor 106 and the output signal of the back oxygen sensor 107 being seen more than this 
catalytic activation temperature Tc, correlation between the output signal of the front oxygen sensor 106 and 
the output signal of the back oxygen sensor 107 will be lost quickly. 

[0019]This is because catalyst conversion with secondary air and unburnt glow gas will come to progress 
efficiently and an oxygen density will fall by the outlet side of the three way component catalyst 1 12 as a 
result, if the three way component catalyst 1 12 is activated. If it puts in another way and the three way 
component catalyst 112 will come to exhibit an original function, by the reducing action by the catalyst in the 
inside of it, or the oxidation. He is because the description of the exhaust gas in an outlet side differs from 
the description of the exhaust gas in an entrance side, and is trying to judge activation of a catalyst device in 
this invention by the difference between the description of the exhaust gas in the entrance side of this 
catalyst device, and the description of the exhaust gas in an outlet side. 

r00201 Drawing 5 is what showed the relation of the content (discharge HC) of the hydrocarbon in the inside 
of the exhaust gas in the outlet side of the three way component catalyst 1 12, and a secondary air content 
required for combustion of this. At the engine start-up time, since catalyst temperature is low immediately 
after t^, hydrocarbon is not purified within a catalyst but, for this reason, a lot of secondary air is required. 



However, since combustion of tlie hydrocarbon by a catalyst begins by the time of catalyst temperature 
rising and reaching catalytic activation temperature Tc after that, and the amount required of secondary air 
decreases and is carried out, Stop the pump 110 here, and close the cutoff valve 109, the air supply port 
1 14 is made to open for free passage in the atmosphere, and it turns out that combustion purification of 
hydrocarbon is attained only with the secondary air supply obtained by natural aspiration. 
[0021]Therefore, although the exact judgment of will be required the time of this catalyst reaching 
activation temperature Tc for the secondary air supply control with this pump, By this invention, since it is 
certainly detectable that could judge activation of the catalyst device correctly as mentioned above, and 
catalyst temperature reached catalytic activation temperature Tc, the pump 1 10 and the cutoff valve 109 are 
controlled by this decision result to the exact timing shown in this drawing 5 . 

[0022]For this reason, in the example shown in drawing 1 and drawing 2 , as the control device 1 1 1 is shown 
in drawing 6 , it incorporates the signal from the two oxygen sensors 106 and 107. That is, the signal from 
each sensor of the front oxygen sensor 106 and the back oxygen sensor 107 is incorporated via the zener 
diode 603 for excess voltage prevention, after passing along the first-order-lag filter which comprises the 
resistance 601 and the capacitor 602, respectively. 

[0023]ln this way, the incorporated signal is the arithmetic circuit 203 and digital filter processing is 
performed by the operation shown in the following several 1 . 
[0024] 
[Equation 1] 

mi] 

o.ad(S)= j^+sT^ • OAS) (^1-1) 

0^ad(n) = HEIGHT • O^addi- 1 ) + ( 1 -WEIGHT) ■ n) (j^ 1 - 2 ) 

[0025]This several 1 formula 1-1 shows filtering in contiguous areas, and the formula 1-2 shows filtering in 
the discrete region. WEIGHT in the formula 1-2 shows weighting by a weighted average efficiency. 
[0026]Drawing 7 is what showed the logic of the secondary air supply control management by the arithmetic 
circuit 203, and a crank angle degree signal, O2F, and O^R of POS are the signals of the front oxygen 
sensor 106 and the back oxygen sensor 107 in this figure, respectively. 
ST shows the ON signal of the starter for engine start. 

Signal from each oxygen sensor and are first changed into digital value by A/D(analog-to-digital 

converter) 705 and 706, Subsequently, it is compared with threshold O2SL given from the threshold 

generation element 709 by the comparison elements 707 and 708, and is normalized. 

[0027]Next, since signal O2R from the back oxygen sensor 107 has a part for the transport lag within the 

catalyst of exhaust gas as compared with signal O2F from the front oxygen sensor 106, signal O2F from the 

front oxygen sensor 106 is delayed by this transport lag with the delay element 710. The time delay Tn at 
this time searches the table 704 with crank angle signal POS, and is found. In this way, the signal with which 



processed each signal and are inputted into the exclusive OR element 711, and a mutually related 
degree is expressed from this exclusive OR element 71 1 as a result, i.e., correlation signal EO2, is 
outputted. 

[0028]Although integration treatment of the correlation signal EO^ of the exclusive OR element 711 is 
carried out with the integral element 716, The limits of integration at this time are determined by reset-signal 
RESET generated in the definite angle SPOS of the degree of crank angle given from the comparison 
element 702, and This sake. It has the reference-value generation element 701 which generates the definite 
angle SPOSL, and the integral element 703, and these outputs are inputted Into the above-mentioned 
comparison element 702. Although the limits of integration are decided to have described above with the 
degree of crank angle in this example, it may be made to become at fixed time set beforehand. 
[0029]lntegration signal SO2 which is an output of the integral element 716 is inputted into the comparison 

element 715, As compared with threshold CL given from the threshold generation element 714 here, it 
judges with the catalyst having been activated when exceeding threshold CL, The output signal of the 
comparison element 715 is supplied to the switch element 713, the output RELAY by this is intercepted, 
operation of the pump 110 is suspended, the cutoff valve 109 is closed simultaneously, and it controls in the 
state after t2, i.e., the secondary air supply state by natural aspiration, at the time of drawing 5 . 

[0030]On the other hand, although starting of the output RELAY by the switch element 713 in an engine start 
time is given by ON input of signal ST of the starter for engine start. In this example, the delay element 712 
is formed and the delay which is equivalent to the above-mentioned transport lag also about this signal ST is 
given. 

[0031]After starter signal ST for engine start which drawing 8 is a timing chart of the signal in each portion of 
drawing 7 , and is not illustrated turns on by time t^. The signal RELAY by the switch element 713 rises by 
time t^ after the time delay progress by the delay element 712, operation of the pump 110 begins, the cutoff 
valve 109 Is opened, and secondary air supply carries out the start skirt, and At this time. Since secondary 
air is supplied from the pump 110 and hydrocarbon burns by this, the rise in heat of the three way 
component catalyst 1 12, i.e., activation, comes to be promoted. 

[0032] However, at the start time, the temperature of the three way component catalyst 1 12 is low, and still 
close to ordinary temperature immediately after. Therefore, correlation with signal O2F from the front oxygen 
sensor 106 and signal O2R from the back oxygen sensor 107 appears strongly for a while after this time (like 

a graphic display). In order that the purification function by this catalyst may begin to work as the 
temperature of the three way component catalyst 112 rises soon although correlation signal EO2 which 

shows the same action is almost hardly generated, A difference appears in the action of signal O2F and 

signal O2R, correlation signal EO^ sometimes occurs in connection with this, and integration signal SO2 

comes to Increase little by little. 

[0033]And since most correlation of signal O2F and signal O2R will be lost like a graphic display if the three 
way component catalyst 1 12 is activated, Since the signal RELAY which the level of integration signal SO2 
increased rapidly, and the signal occurred from the comparison element 715 in time t in which it exceeded 



threshold CL, and was outputted from the switch element 713 by this falls, Since operation of the pump 110 
is suspended certainly in the place where this time t2l12, i.e., a three way component catalyst, was 
activated, the cutoff valve 109 will be closed and operation of the pump 110 can be suspended to always 
exact timing, operation of a useless pump can be suppressed certainly. 

[0034]Next, drawing 9 explains other examples of this invention. The example of this drawing 9 is what 
applies a correlation coefficient calculation method and judged activation of the catalyst device, and signal 
OgF from each oxygen sensor and are changed into digital value by A/D903 and 904 like the example 
of drawing 7 , respectively. And transport lag amendment is performed to signal from the front oxygen 
sensor 106 with the lag unit 905. Too, like the example of drawing 7 , the time delay Tn at this time searches 
the table 902 with crank angle signal POS, and is found. 

[0035]906 is a correlation coefficient calculation element and calculates correlation of signal O2F from each 

oxygen sensor, and O2R by several 2 shown below. 

[0036] 
[Equation 2] 

[SK2] 

<0, F(t). 0,R(t )>=/_" OaF(t)- O.S{t + T)dt 

(^2-1) 

1 

<O.F(ra) • 0,R(m)>=-^7-^-^-p7^-^£ O, F( n)> O, R(n +ni) 

C^2-2) 

D = f{N) = T (^2-3) 

[0037]ln this several 2, although the equation 2-1 is a formula in contiguous areas, since digital calculation 
processing is adopted as shown in drawing 2 , in this example, it calculates using the formula in the discrete 
region shown in the equation 2-2. And the calculation section D at this time is given with the function of the 
engine number of rotations N, as shown in the formula 2-3. 

For this reason, the table 901 is searched with crank angle signal POS, and it asks for it. 

[0038]ln this way, the correlation coefficient calculated with the correlation coefficient calculation element 
906, It is compared with threshold LC given from the threshold generation element 910 by the comparison 
element 909 like the example of drawing 7 after all. If threshold CL is exceeded, will judge with the catalyst 
having been activated, and the output signal of the comparison element 909 is supplied to the switch 
element 908, The output RELAY by this is intercepted, operation of the pump 1 10 is suspended, the cutoff 
valve 109 is closed simultaneously, and it controls in the state after t2, i.e., the secondary air supply state by 

natural aspiration, at the time of drawing 5 . 



[0039]On the other hand, although starting of the output RELAY by the switch element 908 in an engine start 
time is given by ON input of signal ST of the starter for engine start, Also in this example, delay equivalent to 
the above-mentioned transport lag is given about this signal ST as well as the example of drawing 7 w ith the 
delay element 907. 

[0040]Therefore, also according to the example of this drawing 9 , activation of the three way component 
catalyst 112 can be judged correctly, and the pump 110 for secondary air supply and exact control of the 
cutoff valve 109 can be obtained. 

[0041]Next, a flow chart explains operation of the above example in detail. First, drawing 10 is a general 
flowchart which shows operation of the example of drawing 7 , and judges whether the engine starter is 
turned on at Step 1201. And if turned on, a pump-on flag will be set to 1 at Step 1202. 
[0042]Hereafter, sequential execution of the processing from Step 1204 to Step 1211 is carried out. That is, 
the output voltage of each oxygen sensor of order is incorporated from A/D (Steps 1204 and 1205). Crank 
angle signal POS is incorporated (Step 1206), the time delay which should calculate engine number of 
rotations and should be given to the signal of a front oxygen sensor is calculated (Step 1207), and a signal is 
delayed (Step 1208). 

[0043]ln Step 1209, the exclusive OR of the signal processed from each oxygen sensor is taken. Perform 
integration between fixed crank angle degree hours at Step 1210, when this integrated result is below a 
predetermined value (threshold) at Step 1213, carry out the relay (pump relay) which controls the pump 110 
and the cutoff valve 109 by Step 1214 to one, but. since a starter is turned on at Step 1212 at this time - 
eye **** - a law - it is investigated whether ****** fixed time passed. This does not make one the puhip 110 
for secondary air supply simultaneously with the function by the delay element 712 of drawing 7 , i.e., the 
engine start start by a starter. It is for making it delayed and making it one, and this time delay is given an 
engine temperature as a parameter by making engine number of rotations into a parameter like the example 
of drawing 7 . 

[0044]On the other hand, when it is judged that fixed time lapse has not been carried out at Step 1212, a 
pump relay is turned off at Step 1216 and processing is ended. When an integrated value is judged to be 
beyond a threshold at Step 1213, by Step 1215, a pump-on flag is set to 0, a pump relay is continuously 
turned off at Step 1216, and processing is ended. On the other hand, in this example, Step 1203 is formed, 
and thereby, unless a starter is again made one next, a pump relay was not controlled by one and has 
come. 

[0045]Next, drawing 1 1 is a general flow chart which shows operation of the example of drawing 9 , it only 
differs from the case of drawing 10 in that processing at Step 1308 is processing by the correlation 
coefficient calculation element 906 in drawing 9 , and since other processings are the same, detailed 
explanation is omitted. 

[0046]Although activation of a catalyst device is judged and he is trying to control secondary air supply by 
the above example appropriately, since time until a catalyst is activated has that degradation and relation, 
the grade of degradation of a catalyst can also be diagnosed by this time measurement. 
[0047]By the way, although existence of oxygen in the inside of exhaust gas is used in the above example 
as description of exhaust air by the entrance side and outlet side of a catalyst device which are used for the 
judgment of activation of the three way component catalyst 1 12, it may replace with this and existence of HC 
(hydrocarbon) and GO (carbon dioxide) may be used. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] lt is a lineblocl< diagram showing an example of the engine system for cars with which one 
example of this invention was applied. 

[Drawing 2] lt is a block diagram of the control device in one example of this invention. 

[Drawing 3] lt is a characteristic figure showing the relation between catalyst temperature and catalyst 

transformation efficiency. 

[Drawing 4] lt is a characteristic figure for explaining operation of the oxygen sensor in one example of this 
invention. 

[Drawing 5] lt is a characteristic figure showing the relation between the catalyst temperature from an engine 
start time, the amount of discharge hydrocarbon, and a secondary demand air flow rate. 
[Drawing 6] lt is a circuit diagram showing an example of the incorporation circuit of the sensor output signal 
level in one example of this invention. 

[Drawing 7] It is a logic lineblock diagram showing one example of this invention. 
[Drawing 8] It is a timing chart for explaining operation of one example of this invention. 
[Drawing 9] It is a logic lineblock diagram showing other one example of this invention. 
[Drawing 10] lt is a flow chart for explaining operation of one example of this invention. 
[Drawing 11] lt is a flow chart for explaining operation of other one example of this invention. 
[Description of Notations] 

100 Internal-combustion engine (engine) 

101 Heat type air meter 

102 Throttle valve 

103 Throttle valve opening sensor 

104 Idle speed control valve 

1 05 Fuel injection valve 

106 Front oxygen sensor (the 1st oxygen sensor) 

1 07 Back oxygen sensor (the 2nd oxygen sensor) 

108 Crank angle degree sensor 

1 09 Secondary air supply cutoff valve 

110 The pump for secondary air supply 

1 1 1 Combustion engine control device 



112 Three way component catalyst (catalyst device) 

113 Exhaust pipe 

1 1 4 Secondary air supply port 
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